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ABSTRACT 


A  long  range  storage  program  on  many  of  the  standard  modern  pro¬ 
pellant  formulations  is  being  conducted  at  Picatinny  Arsenal.  Pro¬ 
pellant  samples  are  conditioned  at  temperate,  tropical,  desert,  and 
laboratory  controlled  accelerated  conditions.  Standard  and  experimental 
testing  techniques  are  employed  to  determine  the  safe  life  potential 
of  each  study  propellant,  and  in  turn  the  test  methods  are  being  eval¬ 
uated  as  to  their  applicability  for  establishing  stability  potential. 

It  has  been  shown  that  stabilizer  analysis  is  an  effective  means  for 
determining  the  chemical  stability  of  propellants,  however,  an  analy¬ 
tical  problem  does  exist  with  ethyl  centralite.  The  65.5°C.  Surveil¬ 
lance  Test  and  Propellant  Quick  Test  both  appear  to  be  suitable  sur¬ 
veillance  tools,  however,  both  have  short  comings.  The  Methyl  Violet 
Heat  Test  has  limited  value  for  estimating  stability  potential  of  an 
aged  propellant,  and  the  Vacuum  Stability  and  Taliani  Tests  to  date 
have  not  proven  to  be  particularly  beneficial.  The  Viscosity  Test 
results  continue  to  show  promise,  and  appear  to  correlate  well  with 
the  other  more  reliable  testing  techniques.  A  better  comprehension 
of  propellant  safe  life  concepts  is  being  realized  through  the  study 
of  the  test  results  of  each  propellant  formulation  under  study. 


OBJECT 


To  determine:  (1)  the  nature  of  propellant  deterioration  under  field 
conditions,  and  (2)  an  adequate  means  of  predicting  remaining  safe  life  of 
aged  propellant. 


SUMMARY 


In  1957  a  study  entitled,  "Long  Range  Study  of  Prediction  of  Safe  Life 
of  Propellants"  was  initiated.  The  program  encompasses  many  of  the  standard 
modern  propellant  formulations  under  storage  at  temperate,  tropical, 
desert,  and  laboratory  controlled  accelerated  conditions.  The  testing 
techniques  employed  represent  both  standard  procedures  and  newly  developed 
methods  which  through  investigative  action  show  promise.  The  data  shows 
that  the  method  for  analysis  of  diphenylamine  and  its  primary  degradation 
products  is  an  effective  means  for  determining  the  chemical  stability  or 
safe  life  potential  of  propellants.  It  is  felt,  however,  that  the  values 
obtained  for  ethyl  central ite  do  not  demonstrate  or  fully  evaluate  the  degree 
of  degradation  of  the  propellants  and,  therefore,  the  safe  life  potential  is 
not  apparent.  The  65.5®C.  Surveillance  Test  of  single-  and  double-base  pro¬ 
pellants  has  demonstrated,  to  date,  that  the  20  day  end-point  marking  the 
end  of  safe  life  is  reliable  and  affords  an  ample  safety  margin  for  disposi¬ 
tion  of  the  deteriorated  lot.  The  Heat  Test  results,  although  they  do  not 
correlate  proportionally  with  the  results  of  other  stability  tests,  do  de¬ 
crease  as  the  propellant  ages  and  would,  therefore,  support  the  findings  of 
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the  more  reliable  tests.  The  Vacuum  Stability  and  Taliani  Tests  have  not 
proven  to  be  particularly  beneficial,  and  it  appears  that  only  upon 
approachment  of  potential  hazard  does  the  gassing  characteristics  in¬ 
crease  significantly.  The  Viscosity  Test  results  continue  to  show  pro¬ 
mise,  and  appear  to  correlate  well  with  stabilizer  and  surveillance  data. 
The  Quick  Test  has  proven  to  be  a  very  effective  tool  for  evaluating  the 
condition  of  stock  propellants.  Its  application  is  considered  to  be  uni¬ 
versal  in  testing  all  types  of  single-,  double-,  and  triple-base  propel¬ 
lant  formulations.  The  results  of  this  test  have  demonstrated  that  a  stage 
6  reaction  is  an  effective  action  point  particularly  with  the  single-base 
propellants.  For  double-  and  triple-base  propellant,  more  work  is  re¬ 
quired  to  establish  realistic  cut-off  criteria. 

CONCLUSIONS 


It  is  concluded  that  the  results  accumulated  on  all  the  study  propel¬ 
lant  formulations  and  the  understanding  of  their  significance  is,  for  the 
most  part,  a  product  of  this  program.  Continued  efforts  along  this  line 
will  aid  in  evaluating  standard  methods  and  developing  new  test  techniques 
to  measure  propellant  stability  potential.  It  is  also  felt  that  furthering 
the  prescribed  objectives  of  this  program  will  lead  to  a  better  comprehension 
of  propellant  behavior  as  aging  progresses.  It  is  also  concluded,  that  the 
methods  employed  in  this  study  are  generally  applicable  to  estimate  safe  life 
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potential  of  propellants,  but  even  with  great  experience  in  application  and 
interpretation  one  specific  test  method  should  not  be  relied  upon,  but  rather 
the  entire  battery  of  tests  which  have  shown  interpretable  results  when 
applied  to  newly  manufactured  and  aged  propellants, for  establishing  the  safe 
life  potential  of  propellants. 

RECOMMENDATIONS 


It  is  recommended  that  the  project  be  continued  along  the  set  lines  to 
the  achievement  of  an  understanding  of  propellant  behavior  under  normal 
storage;  that  the  reliability  of  the  various  stability  tests  continue  to  be 
evaluated;  and  that  investigative  work  be  continued  to  establish  the  influ¬ 
ences  of  variables  found  to  exist  in  the  standard  and  experimental  testing 
techniques.  It  is  also  recommended  that  upon  development  and  standardization 
of  new  propellant  formulations  they  too  should  be  incorporated  into  this  pro¬ 
gram  to  widen  the  scope  of  this  study. 
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INTRODUCTION 


In  December  1958,  a  report  (Reference  1)  was  published  detailing 
the  steps  required  for  the  accomplishment  of  the  objectives  of  this 
study.  It  was  therein  recommended  that  the  project  plan  be  accepted  as 
sufficiently  comprehensive  to  achieve  the  planned  objectives,  and  that 
the  program  be  carried  to  its  completion  under  OAC  Project  No.  57-55. 

This  program  is  summarized  in  the  following  paragraphs: 

The  overall  safe-life  study  encompasses  various  storage  and 
testing  programs.  Single-,  double-,  and  triple-base  artillery,  double¬ 
base  mortar,  and  single-base  small  arms  propellant  are  involved. 

The  conditions  of  storage  were  chosen  to  represent  the  maximum  and 
optimum  natural  environmental  conditions  to  which  bulk  propellant  may 
be  subjected.  Picatinny  Arsenal  (PA)  surface  magazine  storage  represents 
temperate  conditions,  Yuma  Proving  Ground  (YPG)  igloo  and  light  cover 
surface  storage  (X-Site)  represents  desert  conditions,  and  Panama  Canal 
Zone  (CZ)  surface  magazine  storage  represents  tropical  conditions.  It 
should  be  noted  here  that  frequent  reference  is  made  in  all  tables 
presented  in  Appendix  A  to  these  parenthesized  abbreviations.  In 
addition,  laboratory  controlled  accelerated  aging  of  small  samples  was 
established  at  Picatinny  at  122°,  150°  and  176°F.,  and  bulk  quantities 
were  stored  at  Aberdeen  Proving  Ground  (APG)  at  122°F. 

The  total  storage  temperature  range  is  thus  from  normal  temperature 
to  176°F.  The  top-of-the-range  is  sometimes  used  in  accelerated  aging 
work;  but  more  frequently  it  is  judged  to  be  too  far  from  normal  for 
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dependable  prediction  of  normal  storage  behavior.  This  planned  varied- 
condition  storage  is  for  the  accumulation  of  data  toward  the  resolution 
of  that  age-old  problem:  the  correlation  between  accelerated  aging 
and  normal  storage  behavior  of  propellants. 

The  Description  Sheets  of  each  of  the  propellants  involved  in  these 
storage  actions  except  for  Propellant  M15,  Lot  No.  RAD-60387-56  are  pre¬ 
sented  in  Appendix  C. 

In  selection  of  the  propellants  for  this  study,  ample  represen¬ 
tation  of  the  presently  known  troublesome  types,  M6  and  IMR  Propellants, 
was  incorporated.  The  M6  Propellant  particularly  is  represented  through¬ 
out  a  wide  stability  range:  from  new  and  stable  to  aged  and  of  im¬ 
paired  stability.  The  historical  background  of  each  lot  of  propellant 
is  presented  below. 

a).  The  following  lots  of  propellant  were  of  acceptable 
stability  when  this  program  was  initiated: 

1) .  BAJ-37579-55  (M6) 

2)  .  RAD-60578-54  (M6) 

3)  .  IND-39734-56  (M6) 

4)  .  RAD-60326-54  (M2) 

5)  .  HERC-39649-56  (M9) 

6)  .  RAD-60310-54  (M10) 

7) .  RAD-60387-56  (M15) 

8) .  RAD-38145-56  (T28) 
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b). 

The 

following  lots 

of  propellant  were  of  impaired 

stability  when 

this 

program  was  initiated: 

1). 

ALA-11225-AA 

(M6) 

2). 

ALA-312A6-AA 

(M6) 

3). 

ALA-337 16- A5 

(M6) 

A). 

ALA-337A6-A5 

(M6) 

5). 

SUN-192A3-A5 

(M6) 

6). 

SUN-192A6-A5 

(M6) 

7). 

OKLA-29220-A5 

(IMR) 

8). 

OKLA-29221-A5 

(IMR) 

9). 

OKLA-29250-A5 

(IMR) 

c)  . 

The 

following  lots 

of  propellant  have  particularly 

interesting  backgrounds  and  are  discussed  individually  under  Discussion 

of  Results: 

1). 

ALA-11225-AA 

2). 

IND-BR-397AA- 

56 

3). 

RAD-RB-6A012- 

56 

A). 

PA-E-R-21A06- 

56 

The  sampling  and  testing  periods  were  set  with  respect  to  the 
anticipated  times  required  for  significant  change  to  take  place.  Thus, 
temperate  storage  samples  are  taken  annually,  and  tropical  and  desert 
sampling  are  semi-annual.  Closer  control  was  exerted  over  the  bulk 
samples  stored  at  122°F.  at  Aberdeen,  with  inspections  and  sampling  at 
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Sampling  of  the  small  quantities  stored  at 
,  and  176#F.  varied  with  type  and  temperature:  from  weekly 
to  semi-annually  at  122°F. 

The  following  tests  and  determinations  have  been  used  in  this  study: 


about  3-month  intervals. 

122°,  150 
at  176°F. 

_ Test 

120°C. ,  134. 5°C.  Heat  Tests 
90°C.  Vacuum  Stability  Test 
110°C.  Taliani  Test 
65.5°C.  Surveillance  Test 
Stabilizer  Analysis: 
Diphenylamine 
Ethyl  Central ite 
Viscosity  Test 
Indicator  Paper  Test: 

Quick  Test 

N/10  Methyl  Violet  Paper  Test 


_ Procedure _ 

Technical  Report  No.  FRL-TR-25 
Technical  Report  No.  FRL-TR-25 
Technical  Report  No.  FRL-TR-25 
Technical  Report  No.  FRL-TR-25 

PA  Gen  Lab  Rpt.  No.  58-H1-648 
PA  Gen  Lab  Rpt.  No.  57-H1-519 
P.A.T.R.  No.  2458  (Modified) 

MIL-STD-1231B 

TB-ORD-657 


RESULTS 

The  progressive  data  employing  the  Methyl  Violet  Heat  Test,  Vacuum 
Stability  Test,  Stabilizer  Analysis,  and  Taliani  Test  resulting  from  the 
periodic  testing  of  propellant  samples  from  the  high-temperature  storage 
phase  and  the  natural  environmental  storage  phase  are  tabulated  in  Tables 
I  thru  XX.  In  Table  XXI  there  is  tabulated  the  viscosity  data  of  aging 
propellants  after  ambient  and  accelerated  storage.  Tabulated  in  Tables 
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XXII  thru  XXIV  is  the  Quick  Test  data  of  the  aging  propellants  under 
temperate,  tropical,  desert  and  accelerated  storage  conditions.  Table 
XXV  shows  the  progressive  65.5°C.  Surveillance  data  of  the  study  pro¬ 
pellants  under  temperate,  tropical,  and  desert  storage  conditions. 
Table  XXVI  shows  typical  surveillance  data  for  IMR  Propellants.  The 
tabulation  of  propellant  mass  temperature  data  to  the  point  of  sponta¬ 
neous  ignition  under  desert  surface  conditions  is  presented  in  Table 
XXVII. 


DISCUSSION  OF  RESULTS 
Accelerated  Storage  Effect  on  Propellant: 

In  Reference  2,  the  results  of  the  first  year  of  storage  at 
elevated  temperature  are  presented.  Although  the  total  storage  time 
then  was  relatively  short,  the  data  was  sufficient  to  show  that  the 
Available  Stabilizer  Content  determination  was  overall  uniform  in  showing 
the  gradual  dissipation  of  stabilizer  during  elevated  temperature  storage. 
Similar  uniformity  in  depicting  advance  in  deterioration  was  not  shown 
by  the  data  from  Heat  Test  or  Vacuum  Stability  Test.  With  these  tests, 
the  generally  accepted  theory  is  that  the  indicator  paper  bleaching 
time  decreases  and  the  gassing  potential  increases  with  the  advance  of 
deterioration.  However,  the  test  results  on  propellants,  subsequent  to 
elevated  temperature  storage,  produced  exceptions  to  this  theory.  Thus, 
in  each  test  dependent  upon  the  evolution  of  gases  of  decomposition, 

(Heat  Test,  Vacuum  Stability  Test  and  Taliani  Test),  the  gassing  potential 
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was  shown  to  have  been  lost  during  the  initial  accelerated  storage 
period.  It  was  concluded  at  that  time  that  a  trend  toward  cook-off 
of  deterioration  products  from  propellants  under  high  temperature 
accelerated  aging  was  definitely  indicated;  that  cook-off  strongly  in¬ 
fluenced  those  standard  stability  tests  which  measure  gassing  character¬ 
istics,  even  to  the  point  of  rendering  them  invalid;  and  that  cook-off 
constitutes  a  condition  proportionally  unrelated  to  normal  aging.  Since 
that  time,  with  the  continued  storage  and  testing,  the  data  shows  that 
these  conclusions  were  valid.  Even  at  the  lowest  accelerated  temperature 
(122°F),  the  gassing  characteristics  of  the  propellants  degressed  showing 
definite  evidence  of  cook-off.  Of  the  tests  employed,  the  Stabilizer 
Analysis  and  Viscosity  Test  were  the  only  methods  which  were  used 
successfully  to  follow  the  deterioration  of  a  propellant  formulation 
under  accelerated  storage  conditions.  In  review  of  the  data  presented 
in  the  tables  relative  to  those  propellants  stored  at  122°,  150°  and 
176°F.,  it  is  apparent  that  the  influence  of  accelerated  storage  is  not 
evident  from  those  tests  measuring  gassing  potential.  Generally,  the 
Heat  Test  values  are  higher  than  the  initial,  and  the  Vacuum  Stability 
Test  values  are  lower  showing  that  the  gaseous  decomposition  products 
have  been  dissipated  through  storage.  The  periodic  viscosity  data  shows 
that  the  long  chain  structure  of  the  nitrocellulose  is  being  affected 
in  all  the  propellant  formulations,  and  particularly  the  T28  and  M15 
compositions  as  shown  in  Table  XXI.  The  stabilizer  data  shows  that  the 
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higher  the  storage  temperature  the  more  rapid  the  stabilizer  is  dissi¬ 
pated.  This,  of  course,  is  as  would  be  expected.  In  Figures  I,  II  and 
III  (Appendix  B), there  is  graphically  depicted  the  depletion  rate  of 
diphenylamine  content  of  three  lots  of  propellant  stored  under  the  various 
high  temperature  and  ambient  conditions.  Lot  ALA-11225  was  an  im¬ 
paired  M6  Propellant  approximately  half  stabilized  initially;  lot  RAD- 
60578  and  RAD-60310  were  essentially  newly  manufactured  M6  and  M10  pro¬ 
pellants  respectively.  Each  shows  that  the  rate  of  stabilizer  deple¬ 
tion  is  dependent  upon  the  storage  temperature.  This  data  also  demon¬ 
strated  the  usefulness  of  the  diphenylamine  determination  of  available 
stabilizer  in  following  the  deterioration  rate  of  propellant  formu¬ 
lations  employing  this  stabilizer.  It  should  be  noted,  however,  that 
the  analytical  data  did  vary,  and  that  these  curves  were  drawn  to  fit 
the  majority  of  the  points  plotted. 

Stabilizer  Analysis: 

In  the  initial  year  of  this  program  a  report  was  published 
(Reference  3)  describing  a  spectrophotometric  method  of  analysis  of 
actual  diphenylamine  (DPA)  and  its  primary  degradation  products,  N- 
nitroso-diphenylamine  (N-NO-DPA)  and  2-nitrodiphenylamine  (2-NO2-DPA) . 

With  analysis  of  synthetic  mixtures  of  the  above  ingredients,  the  method 
appeared  to  be  quite  applicable  to  follow  analytically  the  degradation 
rate  of  DPA  stabilized  propellants.  This  procedure  was,  therefore, 
applied  to  the  initial  and  subsequent  samples  connected  with  the  study 
of  the  prediction  of  safe  life  of  propellants.  It  was  later  discovered 


that  the  nitrocellulose,  nitroglycerin,  and  dinitrotoluene  ingredient 
in  propellants  greatly  enhanced  the  conversion  of  the  N-NO-DPA  to  DPA 
during  the  alkali  steam  distillation  separation.  This  of  course 
illustrated  that  the  data  for  DPA  and  N-NO-DPA  available  was  erroneous. 

The  separation  procedure  was  altered  to  eliminate  the  alkali  interaction, 
and  therefore,  improve  the  accuracy  of  the  analysis.  The  improved  method, 
as  described  in  Reference  4  was  applied  to  the  safe  life  samples  in 
September  1958,  and  the  effect  of  this  method  change  is  apparent  in  the 
data  presented  in  all  the  tables  for  DPA  stabilized  propellants. 

Concurrent  with  the  DPA  method  development,  a  method  for  analysis 
of  actual  ethyl  centralite  (EC)  and  its  primary  degradation  products, 
N-nitroso-N-ethylaniline  (PEN)  and  2-nitro-N-ethylaniline  (2-NEA)  was 
developed  and  reported  in  Reference  5.  The  analysis  of  synthetic  mix¬ 
tures  of  the  above  ingredients  was  not  conducted  due  to  the  unavail¬ 
ability  of  the  degradation  products.  It  is  felt  that  the  data  presented 
in  the  tables  for  EC  stabilized  propellants  does  not  demonstrate  or 
fully  evalute  the  degree  of  degradation,  and  therefore,  the  safe  life 
potential  is  not  apparent.  It  is  felt  unat  further  investigative  work 
should  be  conducted  on  this  method  to  fully  verify  the  accuracy  and 
dependability  of  the  results. 

In  review  of  the  DPA  stabilizer  data,  it  is  felt  that  these  re¬ 
sults  can  be  used  for  estimating  safe  life  potential  of  the  propellant. 

It  is  also  felt  that  the  actual  DPA  or  total  available  stabilizer  con¬ 
tents  are  of  more  significance  than  are  the  degradation  products  alone. 
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The  objectives  of  future  work  will  be  to  establish  a  deterioration  rate 
curve  typical  for  each  propellant  formulation,  thereby  establishing  the 
cut-off  point  indicating  end  of  safe  life  for  each  individual  formulation. 
65,5°C.  Surveillance  Test: 

The  65.5°C.  Surveillance  Test  is  made  upon  a  sample  of  45  grams, 
a  weight  much  more  representative  of  a  propellant  lot  than  that  which 
is  used  in  the  shorter  stability  tests.  This  sample  is  placed  in  an  8- 
ounce,  wide  mouth,  colorless  bottle,  the  top  of  which  is  ground  glass 
in  order  to  make  an  essentially  airtight  seal.  The  test  sample,  so 
prepared  and  sealed,  is  placed  in  heat.  Examination  of  the  test  in 
progress  is  made  daily,  and  samples  which  show  the  red  fumes  of  nitrogen 
dioxide  are  withdrawn.  The  number  of  days  to  the  appearance  of  red 
fumes  is  computed  and  this  comprises  the  test  result.  It  is  a  re¬ 
quirement,  as  stipulated  in  most  all  current  propellant  specifications, 
that  a  five  pound  representative  sample  of  every  lot  of  propellant  for 
all  type  weapons  be  forwarded  to  Picatinny  Arsenal  for  the  purpose  of 
conducting  the  65.5°C.  Surveillance  Test.  It  is  then  the  responsibility 
of  this  Arsenal  to  furnish  Ammunition  Procurement  and  Supply  Agency  with 
the  stability  status  of  all  propellants  in  the  system.  The  criteria 
for  establishing  a  lot  of  propellant,  regardless  of  formulation,  un¬ 
safe  for  further  storage  is  for  the  sample  under  test  at  65.5°C.  to 
produce  red  fumes  in  20  days  or  less.  Since  the  master  sample  may  not 
necessarily  represent  the  condition  of  the  lot  of  propellant  stored  in 
bulk  quantities  in  the  field,  it  is  recommended  upon  each  failure,  that 
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if  the  quantity  of  propellant  remaining  in  stock  justifies  consideration, 
a  resample  be  taken  and  forwarded  to  Picatinny  for  complete  laboratory 
analysis . 

It  should  be  pointed  out  here,  that  triple-base  propellants  and 
also  some  double-base  propellants,  such  as  T28  composition  containing 
a  high  ethyl  centralite  concentration,  do  not  give  effective  end-points 
under  these  testing  conditions,  since  only  very  rarely  do  they  produce 
red  fumes.  Fumes  do,  however,  appear  upon  opening  the  bottle  after 
approximately  1000  days.  A  noticeable  characteristic  of  the  pro¬ 
pellant  grain,  after  long  storage,  is  the  color  change  of  the  unglazed 
triple-base  formulations  and  also  the  loss  of  physical  integrity. 

Of  the  modern  propellant  formulations,  the  IMR  composition  has 
proven  to  be  the  most  prone  to  deterioration.  The  surveillance  data 
presented  in  Table  XXVI  is  typical  of  the  deterioration  pattern  of  the 
IMR  Propellant.  It  is  of  particular  interest  here  to  note  the  sharp 
decrease  in  days  to  red  fumes  after  approximately  10  years  of  storage, 
and  the  relatively  short  time  thereafter  that  failure  occurs.  We  do  not 
know  if  this  sharp  decrease  is  typical  only  of  this  formulation,  or 
whether  upon  advance  deterioration  of  other  propellants,  a  similar  re¬ 
action  will  occur. 

There  have  been  incidents,  again  with  IMR  Propellant,  to  support 
the  20  day  failure  criteria  for  establishing  the  end  of  safe  storage  life 
of  propellants.  It  is  the  policy  to  reserve  a  small  quantity  of  the 
master  sample  after  a  failure  has  been  recorded  for  exploratory  purposes. 
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These  samples  are  stored  In  a  magazine  under  ambient  conditions.  It 
has  been  observed,  in  some  cases,  that  fumes  begin  to  appear  in  these 
samples  some  3  to  4  years  after  the  date  of  surveillance  failure.  In 
addition,  in  this  program  boxes  of  a  propellant  lot  are  segregated  in 
an  isolated  area  after  the  field  and  laboratory  tests  indicate  the 
approach  of  storage  hazard.  This  propellant  mass  is  allowed  to  continue 
to  degradate  to  the  point  of  spontaneous  ignition.  In  October  1962, 
a  study  lot  of  IMR  Propellant  at  Yuma  Proving  Ground  under  igloo  storage 
showed  low  Heat  Test  values,  high  gassing  characteristics,  total  stabilizer 
content  of  0.07Z,  a  red  fume  time  of  5  days,  and  a  Quick  Test  value 
of  stage  6+;  every  indication  of  advanced  deterioration.  In  July  1963, 
after  nine  months  exposure  to  desert  climatic  conditions  approaching 
130°F. ,  the  propellant  mass  did  spontaneously  ignite  and  burn.  This 
action  is,  of  course,  somewhat  more  extreme  than  could  ever  be  ex¬ 
pected  under  igloo  storage  conditions,  since  desert  surface  temperatures 
often  exceed  150°F.  during  the  Sumner  months.  The  point  is  that  the 
Surveillance  Test  data  in  conjunction  with  the  other  laboratory  tests 
did  predict  the  storage  hazard  with  a  sufficient  safety  margin  for  dis¬ 
position  action. 

There  are,  however,  other  incidents  which  do  somewhat  cloud  the 
picture.  In  1955,  only  two  years  after  manufacture,  a  double-base  M2 
Propellant  stabilized  with  ethyl  centralite  broke  down  under  master 
sample  storage  to  the  extent  that  it  would  produce  fumes  in  17  days  under 
65.5°C.  Surveillance  conditions  (200  days  is  normal)  and  fired  in  4  days 
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at  80°C.  Analysis  of  the  sample  at  this  stage  of  behavior  revealed  the 
ethyl  centralite  content  to  be  0.61Z  or  essentially  that  which  was 
originally  incorporated.  It  is  also  interesting  to  note  the  results  of 
the  single-base  propellant  lot  number  ALA-11225  which  has  had  a  history 
of  poor  safe  life  potential  since  the  initiation  of  this  program.  The 
laboratory  test  results  are  presented  in  Table  I  and  show,  among  other 
things,  that  the  propellant  retains  no  actual  diphenylamine,  and  only 
25Z  of  the  total  stabilizing  potential  remains  in  the  form  of  primary 
degradation  products  of  diphenylamine.  The  propellant,  however,  con¬ 
tinues  to  withstand  approximately  1300  days  of  conditioning  at  65.5°C. 
before  red  fumes  appear  as  is  shown  in  Table  XXV.  This  constitutes  a 
loss  of  only  500  days  from  that  which  is  considered  normal  for  this 
particular  formulation  compared  to  a  loss  of  75Z  of  its  stabilizing 
potential.  This  suggests  that  the  general  20  days  fume  time  established 
for  the  safe  storage  life  may  not  be  applicable  to  all  single-  and 
double-base  formulations. 

Normal  Methyl  Violet  Heat  Test: 

The  Normal  Methyl  Violet  Heat  Test  is  a  long  standing  stability 
test,  the  end-points  of  which  are  based  upon  the  gassing  characteristics 
and  temperature  resistance  of  the  propellant.  The  test  is  conducted 
at  two  different  temperatures  depending  upon  the  composition  of  the 
propellant.  Single-base  propellants  are  tested  at  134. 5°C.,  while 
double-  and  triple-base  propellants  are  tested  at  120*C.  Three 
distinctive  end-points  are  associated  with  this  test,  the  time  required 
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to  bleach  the  indicator  paper  to  a  salmon  pink  color,  the  time  re¬ 
quired  for  the  propellant  to  produce  red  fumes  of  nitrogen  dioxide, 
and  whether  or  not  the  propellant  explodes  in  5  hours  or  less.  The 
Heat  Test,  being  a  short  term  test,  has  for  many  years  been  used  as  a 
control  on  manufacture,  but  now  the  question  arises  as  to  the  applica¬ 
bility  of  the  test  to  estimate  the  safe  life  potential  of  aging  pro¬ 
pellants.  Some  years  ago,  a  problem  was  under  consideration  as  to  the 
acceptance  criteria  for  the  selection  of  partly  deteriorated  M6  Pro¬ 
pellant  for  reblending  in  an  effort  to  revitalize  some  of  the  aging 
stock.  A  decision  was  made  at  that  time  to  reblend  those  lots  showing 
0.50%  (half  of  original)  available  diphenylamine,  but  not  showing  Class 
2  or  3  reaction  in  30  days  in  the  N/10  Methyl  Violet  Paper  Test.  The 
Heat  Test  was  at  that  time  considered  unreliable,  since  there  was  no 
correlation  between  values  obtained  and  diphenylamine  contents  on  80 
lots  tested.  A  review  of  this  data  shows  while  the  available  diphenyl¬ 
amine  content  varied  between  0.77  and  0.08%,  the  Heat  Test  salmon  pink 
values  were  quite  consistent  at  30  to  35  minutes  or  20  to  25  minutes 
below  the  original  acceptance  values.  In  this  case,  and  in  this  study, 
it  is  evident  that  the  salmon  pink  value  does  decrease  upon  aging,  but 
not  proportionally  with  the  stabilizer  content.  Only  at  the  point  of 
potential  hazard  does  it  show  values  in  the  5  to  10  minute  range  and 
after  which  the  propellant  does  explode  in  less  than  the  5  hours.  It 
has  also  been  observed,  and  is  noted  in  most  all  the  tables,  that  a 
large  variation  of  values  exist  from  test  period  to  test  period.  It  is 
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not  sure  whether  this  variation  is  caused  by  ppor  sample  representation 
of  the  lot  being  evaluated,  or  whether  this  is  inherent  in  the  testing 
procedure. 

Propellant  Quick  Test: 

It  has  been  long  recognized  that  the  master  samples  of  propellants 
retained  at  Picatinny  may  not  reflect  the  stability  of  the  same  lots 
stored  in  the  field.  To  effect  field  control  of  stored  propellants,  the 
N/10  Methyl  Violet  Paper  Test  was  devised  and  has  been  in  use  for  many 
years.  The  test  paper  is  inserted  under  the  lid  of  boxed  propellant 
and  observed  in  most  cases  annually.  On  production  of  a  Class  3  re¬ 
action  on  the  Methyl  Violet  paper,  which  is  the  most  advanced  stage 
where  the  paper  is  bleached  white  after  30  days  exposure  to  the  pro¬ 
pellant,  action  is  taken  to  have  the  stability  of  the  propellant  es¬ 
tablished  by  laboratory  tests.  Through  these  laboratory  tests  it  was 
found  that  for  many  of  the  more  modem  double-  and  triple-base  pro¬ 
pellants,  a  Class  3  reaction  occurred  while  the  propellant  itself  had 
not  appreciably  deteriorated.  It  was,  therefore,  indicated  that  a  new 
test  was  needed  to  ascertain  the  stability  potential  of  these  pro¬ 
pellants  in  bulk  storage.  The  Quick  Test  was  developed  and  has  been 
actively  evaluated  by  the  ammunition  inspectors  at  all  installations 
involved  in  bulk  storage  of  propellant.  On  the  basis  of  the  results 
of  tests  on  approximately  3000  lots  involving  24  propellant  formulations, 
the  Quick  Test  procedure  was  accepted  and  established  as  a  standard 
along  with  the  N/10  Methyl  Violet  Paper  Test. 
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In  the  Quick  Test,  a  stage  6  reaction  has  been  shown  to  be  an 
effective  action  point.  With  the  single-base  propellants  it  reflects 
an  80%  reduction  in  actual  diphenylamine  content.  Such  propellant  is 
unserviceable  for  stock  pile  loading,  and  continued  storage  would  present 
an  ever  increasing  hazard.  With  double-  and  triple-base  propellants, 
stage  1  to  3  reactions  are  yielded  by  acceptably  stable  materials;  con¬ 
sequently  a  stage  6  reaction  will  (1)  occur  before  a  hazardous  condition 
exists,  and  (2)  signal  a  likely  point  for  investigative  action  re¬ 
quired  for  establishing  a  cut-off  criterion  for  these  propellant  types. 

Within  the  experiences  gained  in  this  program,  extremely  advanced 
Quick  Test  reactions  have  been  discovered  in  the  testing  of  imminently 
hazardous  propellant.  A  stage  8  reaction  is  produced,  accompanied  by 
a  yellowing  of  the  diphenylamine-impregnated  dry  portion  of  the  in¬ 
dicator  paper.  This  reaction  is  recognized  as  being  the  ultimate  end¬ 
point  of  the  Quick  Test.  That  it  coincides  with  the  condition  of 
extreme  deterioration  of  the  propellant  is  of  particular  significance. 
Propellant  Viscosity  Test: 

In  looking  toward  new  concepts  of  stability  testing,  the  Viscosity 
Test  appears  most  promising.  The  propellants  tested  appear  to  conform 
to  the  accepted  theory  that  heat  and  age  cause  a  rupture  of  the  O-NO2 
bond  (or  propellant  deterioration),  and  also  causes  a  reduction  in  the 
degree  of  polymerization  of  the  nitrocellulose,  and  therefore,  the 
viscosity  of  the  propellant  in  solution.  In  viscosity  work,  it  cannot 
be  assumed  that  nitrocellulose  from  different  lots  and  from  different 
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manufacturers  have  the  same  initial  viscosity.  Hence,  any  relationship 
between  propellant  deterioration  and  viscosity  must  be  based  on  two  or 
more  measurements.  In  the  absence  of  knowledge  of  the  propellant 
viscosity  at  the  time  of  manufacture,  the  viscosity  value  for  any  partic¬ 
ular  lot  of  aging  propellant  is  of  no  quantitative  significance.  In  the 
exploratory  work,  the  two-point  system  was  achieved  by  determining  the 
viscosity  of  the  study  propellants  before  and  after  accelerated  aging 
for  2  days  at  80°C.  Some  typical  results  of  these  tests  and  the  test 
results  from  the  periodic  sampling  of  the  propellants  stored  under 
ambient  conditions  at  Picatinny  Arsenal  and  Panama  Canal  Zone  are  pre¬ 
sented  in  Table  XXI.  It  is  of  interest  to  note  the  trends  reflected  as 
follows: 

a) .  The  effect  of  adverse  normal  storage  is  reflected  by 
lower  viscosity  values  when  compared  with  samples  subjected  to  temperate 
climatic  conditions. 

b)  .  Double-  and  triple-base  propellants  stabilized  with  ethyl 
centralite  are  more  susceptible  to  viscosity  reduction  than  single-base 
diphenylamine-stabilized  propellants . 

c)  .  The  viscosity  behavior  of  acceptable  and  impaired  M6 
Propellant  was  found  to  differ  in  that  acceptable  propellant  showed  a 
reduction  in  viscosity  to  a  lesser  degree  than  the  impaired  propellant. 

The  Viscosity  work  conducted  on  those  propellants  conditioned  at 
high  temperature  demonstrates  the  degree  of  deterioration  of  the  nitro¬ 
cellulose  that  can  be  expected  before  fumes  of  nitrogen  dioxide  are 
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are  observed.  Generally,  double-base  propellants  cannot  withstand 
aggravated  storage  for  long  periods  of  time.  The  viscosity  work  did 
not  coincide  with  the  initiation  of  the  high  temperature  storage  phase, 
and  therefore,  viscosity  data  presented  in  Table  XXI  for  lots  RAD- 
60326  (M2  Propellant)  and  HERC-39649  (M9  Propellant)  was  not  obtained 
before  the  samples  were  destroyed  after  fuming  at  65.5°C.  However,  T28 
Propellant  stabilized  with  6.00%  ethyl  centralite  did  not  fume  after  30 
months  at  65.5°C.,  and  81  months  at  50°C.  This  formulation  has  a  his¬ 
tory  of  not  producing  red  fumes  after  long  periods  of  storage  at 
aggravated  conditions,  and  yet  by  observing  the  viscosity  data  it  can 
be  seen  that  the  nitrocellulose  is  completely  deteriorated.  In  con¬ 
junction  with  the  nitrocellulose  breakdown  after  lengthy  storage  at 
extreme  cpnditions,  a  complete  loss  of  physical  integrity  has  been 
observed  to  the  point  where  the  grain  becomes  malleable  by  hand  pressure. 
The  triple-base  propellants,  as  has  been  previously  noted,  do  not  fume 
at  high  temperature  conditioning,  but  by  noting  the  viscosity  data  for 
lot  RAD-60387  it  can  be  seen  that  the  nitrocellulose  is  nevertheless 
degrading.  With  this  formulation  also,  the  physical  strength  is  lost 
after  long  periods  of  high  temperature  storage. 

Propellant  Gassing  Characteristics: 

The  Vacuum  Stability  and  Taliani  Tests  are  dependent  upon  the 
gassing  characteristics  and  heat  resistance  of  the  propellant.  There 
are  stipulated,  in  some  detailed  specifications,  requirements  for  the 
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Vacuum  Stability  Test.  These  are,  of  course,  primarily  to  control  manu¬ 
facture.  In  the  evaluation  of  these  tests  for  establishing  criteria 
for  safe  life  potential,  the  results  have  not  proven  particularly 
beneficial.  It  appears  that  only  upon  approachment  of  potential  hazard 
does  the  gassing  characteristics  increase  significantly.  During  the 
progressive  testing  of  the  propellants  sampled  periodically  from  the 
various  storage  areas,  it  is  apparent  that  the  test  values  vary  widely. 
These  values  also  appear  to  have  little  correlation  with  the  other 
stability  test  data. 

Stability  Behavior  of  M6  Propellant: 

Some  of  the  propellant  lots  involved  in  this  program  have  partic¬ 
ularly  interesting  histories.  In  the  following  paragraphs  each  of 
these  lots  are  discussed  individually  noting  their  backgrounds  and 
stability  behavior: 

Propellant  M6,  Lot  No.  ALA-11225-44 ,  being  13  years  old  at  the 
time  this  program  was  initiated  was  of  impaired  stability.  Generally 
the  laboratory  test  results  of  this  propellant  has  reflected  that  the 
extremity  of  the  climatic  storage  condition  has  not  been  a  determining 
factor  on  the  degradation  rate  in  that  the  results  from  temperate, 
tropical,  and  desert  storage  areas  are  quite  similar.  It  is  of  par¬ 
ticular  interest,  however,  to  note  the  reaction  of  this  lot  to  extreme 
temperature  variation  during  ambient  storage.  Under  the  desert  sur¬ 
face  storage,  in  which  the  bulk  propellant  is  stored  in  a  shaded  area 
but  exposed  to  other  climatic  conditions,  the  propellant  produced  a 
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considerable  quantity  of  moisture.  The  propellant  mass  was  completely 
wetted,  and  the  atmosphere  within  the  storage  container  contained  a  high 
percentage  of  moisture.  Thus,  obtaining  reliable  Quick  Test  results 
was  not  possible  because  the  moisture  wetted  the  test  paper  and  faded 
the  end-point.  This  type  reaction  was  also  apparent  at  Aberdeen  Proving 
Ground  upon  the  transfer  of  the  propellant  from  ambient  storage  to 
storage  at  122°F.  The  same  propellant,  however,  stored  under  desert 
igloo,  temperate,  and  tropical  conditions  showed  no  tendency  to  produce 
moisture.  This  leads  to  the  conclusion  that  the  high  degree  of 
temperature  fluctuation  experienced  under  the  two  storage  conditions 
noted  is  the  factor  which  develops  the  tendency  for  this  single-base 
propellant  formulation  to  produce  moisture. 

During  the  1955-56  era  there  were  large  stocks  of  single-base 
propellant  which  showed  doubtful  stability  characteristics.  In  an 
effort  to  determine  whether  or  not  a  partially  deteriorated  propellant 
could  be  reworked  into  an  acceptable  propellant,  Radford  Arsenal  Pro¬ 
duction  Data  No.  4000  was  established,  and  a  reblending  operation 
commenced.  The  specific  requirements  for  each  individual  lot  were  as 
follows:  the  available  DPA  content  shall  be  a  minimum  of  0.50%  or  the 
arithmetical  average  of  the  DPA  and  total  available  stabilizer  content 
shall  be  a  minimum  of  0.50%  provided  that  the  DPA  is  a  minimum  of  0.40%. 
The  lot  must  also  not  produce  Class  2  or  3  papers  in  30  days  in  the  N/10 
Methyl  Violet  Paper  Test.  Representative  of  these  reblended  lots  are 
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IND-BR-39744-56  and  RAD-RB-64012-56.  It  should  be  noted ,  however,  that 
the  candidate  lots  used  for  the  RAD  reblend  meet  only  the  minimum 
stabilizer  requirements.  In  conjunction  with  this  effort,  Picatinny 
Arsenal  reworked  a  small  quantity  of  propellant  from  the  same  series 
of  propellant  lots  from  which  RAD-RB-64012-56  was  reblended.  These  lots 
exhibited  signs  of  deterioration  in  storage  paper  tests,  gave  a  35- 
minute  Heat  Test  (134. 5°C.),  and  had  an  available  diphenylamine  con¬ 
tent  of  less  than  0.50Z.  As  part  of  the  rework,  make-up  ingredients 
(dinitrotoluene  and  diphenylamine)  based  on  a  chemical  analysis  of  the 
ground  material,  were  added  to  the  mix  in  sufficient  quantities  in 
order  to  conform  with  specification  requirements.  This  material, 
identified  as  Lot  PA-E-R-21406-56  was  manufactured  to  completion,  and 
the  weight  of  the  finished  propellant  was  2,690  pounds. 

All  three  of  these  propellants  have  been  stored  at  both  surface 
and  igloo  desert  conditions,  and  at  122°F.  at  Aberdeen  Proving  Ground. 
The  IND  reblend  lot  initially  showed  0.79%  diphenylamine  and  a  total 
stabilizer  content  of  0.96%  as  snown  in  Table  X.  The  degradation  rate 
through  the  six  years  desert  storage  is  essentially  the  same  as  the 
newly  manufactured  propellant  Lot  No.  IND-39734-56  with  a  total  stabir- 
lizer  content  of  1.09%  as  shown  in  Table  IX.  This  indicates  that  the 
reblending  effort  accomplished  through  Radford  Arsenal  Production  Data 
No.  4000  has  been  successful  in  producing  a  propellant  with  a  high 
stability  potential.  The  RAD  reblend  with  the  lower  initial  stabilizer 
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content  has  deteriorated  at  a  slower  rate  under  these  storage  con¬ 
ditions  as  shown  by  the  data  presented  in  Table  XI.  This  is  not 
particularly  unusual  since  it  has  become  apparent  as  a  result  of  this 
study  that  as  a  propellant  ages  the  degradation  rate  decreases  as  in¬ 
dicated  by  the  total  stabilizer  analysis.  Whether  this  decrease  of 
deterioration  rate  is  due  to  the  seasoning  of  the  formulation  and 
the  formation  of  the  primary  degradation  products  of  the  diphenylamine , 
is  not  certain,  but  in  reviewing  the  stabilizer  data  for  the  re¬ 
worked  propellant  in  Table  XII  for  lot  PA-E-R-2 1406-56,  this  thinking 
is  supported.  Initially  this  lot  showed  an  unusually  high  concen¬ 
tration  of  degradation  products  of  diphenylamine  constituting  the 
major  portion  of  the  stability  potential.  The  degradation  rate 
under  the  desert  climatic  condition  was  not  to  the  degree  of  either 
the  new  propellant  IND-39734  or  the  reblend  propellant  IND-BR-39744 . 

The  reason  for  the  high  percentage  of  degradation  products  in  this 
lot  is  no  doubt  due  to  the  fact  that  during  the  reworking  these 
products  were  not  extracted  from  the  formulation.  Only  upon 
further  aging  and  study  will  the  benefits  of  this  technique  be 
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Temperature  Progression  Associated  with  Propellant  Deterioration: 
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In  1956,  IMR  Propellant  Lot  No.  ALA-4603-42  failed  the  65.5°C. 
Surveillance  Test  by  producing  red  fumes  in  less  than  20  days. 

There  were  remaining  at  Pueblo  Army  Depot  some  few  boxes  of  this  pro¬ 
pellant  in  bulk  storage.  These  boxes,  along  with  other  boxes  of 
deteriorated  IMR  Propellant  Lot  Nos.  0KLA-20959-42  and  0KLA-20966-42 , 
were  placed  in  open  storage  under  the  semi-desert  conditions  at 
Pueblo,  and  efforts  were  made  to  monitor  the  propellant  mass  to  as¬ 
certain  the  temperature  progression  associated  with  rapid  deter¬ 
ioration  leading  to  spontaneous  ignition.  In  August  1962,  six 
years  after  surveillance  failure,  one  box  of  the  ALA-4603  lot 
did  spontaneously  ignite  and  bum.  Unfortunately  instrumentation 
failure  occurred  and  no  useful  data  was  obtained.  It  is  known 
however  that  ignition  occurred  in  a  24  hour  period  after  the  first 
temperature  rise  above  that  of  ambient  was  noted.  The  remaining 
boxes  continue  to  be  monitored  during  each  Summer  season.  The 
condition  of  the  propellant  grew  progressively  worse  during  those 
six  years  of  storage  as  indicated  by  the  Quick  Test.  These  tests 
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showed  a  stage  8  reaction  within  a  5  minutes  test  time  with  a 
deep  yellow  coloration  of  the  dry  portion  of  the  test  paper.  The 
acrid  odor  of  nitrogen  oxides  were  prevalent  each  time  the  con¬ 
tainer  was  opened.  The  physical  appearance  of  the  propellant 
grain  was  however,  unchanged. 

Temperature  data  was,  however,  obtained  at  Yuma  Proving 
Ground  as  was  previously  described  in  page  15.  Reference  is 
made  to  Table  XIII  which  presents  the  progressive  laboratory  data 
for  IMR  Propellant  Lot  No.  0KLA-29220  prior  to  and  including  the 
63  months  storage  at  the  desert  surface  and  igloo  storage.  At 
that  time,  the  laboratory  and  field  test  results  of  both  boxes 
G-3-I  and  G-3-X  indicated  that  further  storage  was  undesirable 
since  deterioration  had  proceeded  to  the  point  of  hazard.  The 
test  results  also  indicated  that  the  igloo  storage  with  its  con¬ 
tinuous  high  temperature,  as  represented  by  box  G-3-I,  appeared 
to  be  more  detrimetnal  to  the  propellant  than  the  day-night 
fluctuations  occurring  in  the  shaded  surface  area  as  represented 
by  box  G-3-X.  The  mass  temperature  data  obtained  on  both  con¬ 
tainers  exposed  to  the  desert  surface  conditions  is  presented  in 


Table  XXVII-  In  review  of  the  temperature  data  one  month  prior  to 
this  time,  it  was  noticed  that  the  temperature  in  both  containers 
were  fluctuating  along  with  the  ambient  temperature.  Shortly 
thereafter,  however,  the  temperature  in  Box  G-3-I  began  to  level 
off  as  if  insulated  from  the  effect  of  exterior  conditions,  whereas 
Box  G-3-X  continued  to  fluctuate.  Fifteen  hours  prior  to  the 
ignition  of  Box  G-3-I  the  temperature  break  occurred  at  which  time 
the  temperature  increased  at  a  rate  of  2°F.  per  hour.  The  final 
temperature  record  was  156“F.,  some  50#F.  above  the  temperature 
recorded  in  Box  G-3-X.  The  propellant  then  proceeded  to  spon¬ 
taneous  ignition  within  a  half  hour  period.  For  the  following 
month.  Box  G-3-X  continued  to  fluctuate  showing  the  influence  of 
outside  conditions,  but  then  the  temperature  in  it  too  began  to 
level  off.  However,  the  intense  Summer  heat  was  subsiding  and  ignition 
did  not  occur  until  some  11  months  later  during  the  heat  of  June. 

It  is  not  as  yet  known  the  reason  for  the  insulating  effect  and 
whether  a  similar  condition  will  occur  with  other  deteriorating  pro¬ 
pellant  formulations.  It  is  felt  however,  that  it  is  the  result  of 
the  exothermic  reaction  occurring  in  the  propellant  during  rapid 
deterioration  that  maintains  the  temperature,  and  it  is  also 
reasonable  to  believe  that  this  reaction  will  occur  in  other  pro¬ 
pellant  formulations. 


Surveillance  Activities: 


As  was  previously  discussed  in  the  paragraphs  pertaining  to  the 
65.5°C.  Surveillance  Test,  propellant  master  samples  representing  each 
lot  made  for  the  Army  are  forwarded  to  Picatinny  Arsenal  by  the  manu¬ 
facturer.  However,  just  after  World  War  II  the  number  of  samples  proc¬ 
essed  exceeded  the  capacity  of  the  facilities  at  this  Arsenal.  There¬ 
fore,  attempts  were  made  to  alter  the  normal  surveillance  schedule  to 
effect  economy  without  either  a  significant  loss  of  technical  infor¬ 
mation  or  an  appreciable  deviation  from  the  safety  function  of  sur¬ 
veillance  testing.  Initially,  the  authorized  discontinuation  of  some 
master  samples  and  the  suspended  testing  of  new  samples  giving  values 
of  365-)-  days  made  it  possible  to  carry  on  the  project  with  the  existing 
facilities.  Nevertheless,  the  high  rate  of  receipt  of  new  samples  made 
it  necessary  to  further  reduce  the  inventory.  In  February  1949, 
authorization  was  granted  for  the  discontinuation  of  90  percent  of 
those  master  samples  representative  of  powder  lots  over  five  years  old 
and  loaded  entirely  in  case  ammunition  of  caliber  less  than  3-inch.  In 
making  the  choice  of  the  10  percent  of  master  samples  to  be  retained, 
the  first  sample  of  each  series  received  from  each  manufacturing 
facility,  of  each  caliber,  was  selected  and  each  tenth  sample  there¬ 
after.  It  is  considered  that  by  this  means  a  satisfactory  core  of 
reference  samples  is  maintained.  This  practice  was  continued  until 
March  1961  and  afforded  the  opportunity  to  test  all  samples  on  a  con¬ 
tinuous  basis. 
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Propellant  Safe  Life  Predictions: 


One  of  the  primary  objectives  of  this  project  is  to  correlate  the 
resulting  test  data  to  ascertain  the  safe  life  of  the  propellant  formu¬ 
lations  under  study.  The  following  observations  are  the  initial  effort 
to  satisfy  this  objective. 

In  considering  the  caliber  .30  and  .50  IMR  Propellant,  much  has 
been  previously  stated  as  to  the  stability  weakness  inherent  in  this 
formulation.  In  1950,  there  was  recorded  the  first  failure  of  this 
formulation  under  the  65.5#C.  Surveillance  Test.  The  lot  involved 
was  manufactured  in  1944  and  was,  therefore,  at  that  time  6  years  old. 
Progressively  through  the  years  to  the  present,  the  IMR  Propellant  has 
produced  failing  data.  Since  much  stability  test  data  is  available 
on  those  propellant  lots  that  have  deteriorated  to  the  hazard  point 
much  more  confidence  is  felt  in  establishing  safe  life  predictions 
than  with  the  other  formulations  where  the  threshold  values  of  stabilizer, 
heat  resistance,  gassing  characteristics,  and  viscosities  with  re¬ 
spect  to  stability  hazard  of  the  propellant  are  not  exactly  known. 

In  studying  the  Surveillance  Test  history  for  a  group  of  caliber 
.30  and  .50  IMR  Propellants  manufactured  by  various  producers  from  1940 
through  1945,  we  find  there  were  a  total  of  980  lots  maintained  in  the 
inventory.  Of  this  number  281  failures  (red  fumes  produced  in  20  days 
or  less)  were  recorded  or  28.7  percent  of  the  total.  One  hundred  and 
eighteen  samples  of  the  current  stock  (699  samples)  have  reached  the 
surveillance  breaking  point,  defined  as  that  point  where  the  time  to  red 
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fumes  is  approximately  20  percent  of  the  initial  acceptable  value  (500 
days).  It  has  been  established,  considering  this  study  as  a  whole, 
that  this  point  occurs  on  an  average  of  1.6  years  prior  to  failure, 
however,  when  age  is  considered  it  is  known  that  those  lots  less  than 
15  years  old  will  have  their  breaking  point  1.1  years  before  failure 
and  lots  more  than  15  years  old  the  point  will  occur  2.4  years  before 
failure.  Therefore,  in  considering  the  remainder  of  this  study  group, 
it  can  be  expected  that  another  16.9  percent  will  fail  in  the  next 
2.4  years  bringing  the  total  percent  failure  to  45.6  for  IMR  Propellant 
approaching  a  maximum  age  of  25  years. 

At  the  time  when  the  failure  rate  of  IMR  was  beginning  to  become 
excessive,  a  chemical,  stability,  and  microscopic  investigation  was 
initiated  (Reference  6)  in  an  effort  to  determine  the  causes  and 
possible  mechanisms  of  decomposition.  Some  of  the  results  of  this 
study  are  as  follows: 

The  IMR  Propellant  is  a  nitrocellulose  base-grain,  coated  with 
dinitrotoluene .  It  has  been  generally  established  that  the  coating 
has  a  sealing  effect,  tending  to  bottle  up  decomposition  products 
within  the  grain.  Thereby,  autocatalysis  is  quickened.  Also,  the  out¬ 
ward  showing  of  the  inward  deterioration  is  deterred.  Those  tests 
which  depend  upon  the  evolution  of  gas  from  the  whole  grain  are  thus 
affected;  these  will  depend  upon  the  point  of  rupture  of  the  seal. 

We  must  assume  that  at  normal  storage  temperatures,  the  deterioration 
will  advance  to  such  a  point  that  disintergration  of  the  seal  will  occur. 


If  the  physical  and  chemical  characteristics  of  the  DNT  were  always 
the  same,  if  the  thickness  of  the  coating  was  always  the  same,  and  if 
the  application  of  the  coating  was  invariable,  we  could  expect  the 
rupture  (or  disintergration)  of  the  seal  to  occur  always  at  a  certain 
stage  of  deterioration  of  the  base-grain.  However,  these  variations 
can  not  be  avoided  in  the  actual  manufacture  of  the  propellant 
since  the  necessary  process  controls  are  not  part  of  the  specification 
procedure.  Thus  we  recognize  certain  variables  which  influence  the 
behavior  of  this  propellant  under  normal  storage.  Conceivably,  there¬ 
fore,  a  coated  and  an  uncoated  propellant  having  essentially  similar 
storage  histories  would  behave  differently  under  the  65.5°C.  Sur¬ 
veillance  Test.  The  uncoated  propellant  would  undergo  a  gradual  deter¬ 
ioration,  indicated  in  its  progressive  testing  by  the  slow  decrease 
in  the  number  of  days  to  red  fumes  under  this  test.  This  behavior  has 
been  shown  by  M6  Propellant.  The  coated  propellant  (IMR),  because  of 
the  seal-like  characteristic  of  the  coating  shows  no  change  in  the 
65.5°C.  Surveillance  Test  for  a  long  period  of  time;  but  suddenly  a 
spectacular  drop  in  the  number  of  days  to  red  fumes  results  from  the 
sudden  rupture  of  the  coating  allowing  the  gaseous  decomposition  prod¬ 
ucts  to  give  a  positive  test  of  instability  by  the  Surveillance  Test. 
This  phenomonon  is  quite  evident  in  the  data  presented  in  Table  XXVI. 

It  was  also  stated  that  the  microscopic  study  of  IMR  Propellant  in 
various  stages  of  deterioration  showed  that  a  propellant  grain,  in¬ 
dicative  of  the  propellant  as  a  whole,  undergoes  various  color  changes 


during  its  deterioration.  A  relatively  new  propellant  will  have  grains 
that  are  practically  white,  with  possibly  a  faint  tinge  of  green 
around  the  periphery  of  the  grain.  On  the  other  hand  a  completely  un¬ 
stable  propellant  will  have  grains  that  are  colored  deep  orange  and 
contain  crystalline  material  dispersed  throughout  its  interior.  It 
was  also  found  that  the  color  of  the  grains  ranged  from  almost  white 
to  yellow-orange  in  the  interior  of  the  grains  with  the  interior  mass 
bounded  by  greenish  bands.  The  source  of  these  colors  must  necessarily 
come  from  the  various  nitrated  products  of  diphenylamine  formed  as  a 
result  of  a  reaction  between  the  diphenylamine  and  the  decomposition 
products  of  nitrocellulose. 

It  is  known  that  a  propellant  containing  incorporated  dinitro- 
toluene  (Ml  and  M6)  has  a  high  65.5°C.  surveillance  life,  yielding 
normal  values  of  1800  days.  Nitrocellulose  propellant  (M10)  and 
dinitrotoluene-coated  nitrocellulose  propellant  (IMR)  both  yield 
lower  surveillance  values  around  500  days.  Therefore,  if  part  of  the 
grain  of  IMR  Propellant  is  a  mixture  of  nitrocellulose-dinitrotoluene , 
then  it  is  conceivable  for  that  region  to  be  more  stable  than  the  re¬ 
mainder  of  the  grain,  which  contains  only  nitrocellulose.  Stabilizer 
is  considered  uniform  through  the  grain.  This  physical  distribution 
of  dinitrotoluene  is  highly  possible  in  the  IMR  Propellant  grains. 

The  green  colored  area  could  be  indicative  of  the  depth  of  dinitro¬ 
toluene  penetration,  since  the  green  colored  areas  are  approximately 
10-15%  of  the  grain.  If  this  is  the  physical  characteristic  of  the 


IMR  Propellant,  then  it  can  be  concluded  that  the  decomposition  of 
nitrocellulose  in  the  interior  of  the  grain  would  be  more  rapid 
than  in  the  green  colored  areas.  This  would  eventually  result  in  a 
high  concentration  of  gaseous  decomposition  products  in  the  interior 
of  the  grain  which  would  eventually  cause  the  rupture  of  the  coating. 

New  coating  materials  are  currently  being  investigated  for  small 
arms  propellant.  Their  effect  upon  the  stability  potential  of  the 
propellant  will  be  of  prime  interest.  It  is  hoped  that  their  use  as 
a  deterrent  for  the  propellant  will  also  increase  their  safe  life 
potential  over  that  of  IMR. 

Because  of  the  wide  safe  life  range  that  has  been  found  for  the 
IMR  Propellant  (6  to  25  years)  by  the  65.5°C.  Surveillance  Test,  it 
is  somewhat  difficult  to  establish  a  safe  storage  limit  for  this 
formulation.  However,  with  due  consideration  of  the  failure  re¬ 
corded  in  the  65.5°C.  Surveillance  Test,  and  the  available  stabilizer 
content  of  the  propellants  that  have  reached  this  point  after  15  years 
of  storage,  15  years  has  been  established  as  the  average  safe  storage 
life  for  IMR  Propellant  for  .30  and  .50  caliber  ammunition. 

The  estimated  safe  life  of  other  propellant  formulations  is  based 
primarily  upon  the  experience  and  storage  histories  since  the  time 
they  were  established  as  standard  Army  Artillery  Propellants  and  sub¬ 
sequently  manufactured  in  bulk  quantities.  Therefore,  the  storage 
times  established  as  follows  do  not  necessarily  indicate  that  the 
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propellants  are  not  safe  after  the  Indicated  number  of  years,  but 
show  the  time  for  which  each  formulatiop  has  been  in  existence  with¬ 
out  any  indication  of  storage  hazard. 


Propellant  Formulation 
Ml 
M2 
M2 
M5 
M5 
M6 
M8 
M8 
M9 
M9 
M10 
M15 
M17 
M26 


Stabilizer 

Safe  Life,  years 

DPA 

40 

DPA 

25 

EC 

20 

DPA 

25 

EC 

20 

DPA 

35 

DPA 

25 

EC 

20 

DPA 

25 

EC 

20 

DPA 

20 

EC 

15 

EC 

15 

EC 

10 
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The  propellant  test  sample  was  withdrawn  from  the  container  number  as  Indicated. 

Cana  # l  and  #3  removed  from  heat  after  39  months  0  1 22 * F .  -  placed  In  remote  storage  area  for  later  testing. 
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The  propellent  teat  sample  was  withdrawn  from  the  container  number  as  Indicated. 
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Tha  propellant  *4iapir  was  withdrawn  from  the  container  number  as  Indicated. 

Can  No.  D-2  removed  to  remote  storage  after  32  months  W  122*K,;  Can  No.  D-l  removed  to  remote  storage  after  39  months  l*  122*F; 
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The  propellant  sample  was  withdrawn  from  the  container  number  as  indicated. 
Can  No.  E-3  removed  to  remote  storage  after  23  months  0  1 2 2 * F . 
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After  2-1/2  months  storage  red  fumeB  were  observed. 
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The  propellant  sample  was  withdrawn  frost  the  container  number  as  Indicated. 

Cana  Not,  l,  2  and  1  resiovsd  froai  storage  at  l 22*8.  after  8  months  -  Cans  Nos.  I  and  2  were  destroyed.  Can  No.  i  was  placed  In 
remote  storage. 
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APPENDIX  B 


FIGURES  I.  II.  AND  III 
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APPENDIX  C 


PROPELLANT  DESCRIPTION  SHEETS  OF  THE  FORMULATIONS  INVOLVED  IN  THIS  PROGRAM 


ObKELESS  POWDER  DESCRIPTION 

£1  07-<!83-I}>.-0C 

U.S.  Army  Let  He _ iii225__of_224A.  ..ISi*.  .UI+  .Iqz.  155..121  Gun.  Ml _ 

Peeked  Wei*M___A3.T*5L7_Q _ lb*.  Mfg.  at  Alebeme  Ordnance  Werke.  Sylecauga.  Alabama. 

*  itraet  Na.  W-ORD-497  Date  1-22-41  Specification  No. — 5-C— _  ftm.i«inn  LaajA 

NITROCELLULOSE 

Accepted  Wanda  (Nee.)  _l2Ma-U45a.I2.46.,.  124X,..  J24S+.  JL243 _ 

__XggtS^E-^ilCflJgAUulQ8fl - 

Nitrogen  Centcnt  K.  I.  Starch  Teat  (B5.5*  C.)  Stability  Teat  035*  C.) 

Maximum  13*^6 _ —  Maximum — ...  -  Maximum _ 3.(1! - 

Minimum  _  13.-XL _  Minimum . . 35* -  Minimum _  -3CL. 

Average  —  H*14  - —  Average - jS.I -  Average _ 30! _ 


MANUFACTURE  OF  POWDER 

Total  weight  of  aotvaiit  per  pound  ingredient, - 0*592 - Centitting  «l  32  pound,  alcohol  ar.d _  4£ 

pound,  ether  per  100  pound,  iolvent.  Percentage  of  remix  to  whole - 3*6 . 


TEMPS,  *C 


To 


process— solvent  recovery  and  drying 


Solv^M  RffRteffy  (Start  il.J,Q?.C.pf  to  4^°.C*  • 

; 

i8  _  K«of».65^C  p  •  44  hftuf»y 

;  a? 

Water  dried-  J  constant—  .  _  _  .. 

;  170  . 

Air  dried _  temperature.—  _  ..  - .  . . 

- ; 

TESTS  OF  FINISHED  POWOER 


COMPOSITION 


STABILITY  AND  PHYSICAL  TESTS 


Mfr. 


Nitfocotluleoa 
ONT  and  OOP. 
(ONT 
(OBP 


Oiphenylamine _ 

Volatile  Sotvents- 
Moieture _ ... . 


(  135*  r  •  l  it  test  S.  P _ 

Explosion  (hr,.)  _ 
I  Form  OI  grail 

1  No.  of  i-erforationa _ 

5  No. of  g.a'na  por  pound _ 

1  Burning  an  rface  per  lb.  (ao.t“  ) 

|  Specific  gravity _ 

I  Hygruacopicity _ 

i  Compression  teat _ 


OMAIN  DIMENSIONS 


OIK 

(INCHES) 


FINISHED  GRAIN 
(INCHES) 


•  MEAN  VARIATION  IN  PER  CE*’’ 
(  OF  MEAN  DIMENSION 


R.  F.  BOStTZ/1 
djo 


Capt-» 

H.  U.  DUNHAK 


swiow«»^waw&tiiDt5cror'  iiit-fcir  07-283-iK-cc*^ 

U  S.  Army  Lot  No_.il. 2s.  . _ .otlSM.  JIH^  HI  Far  IS?  13:  Cun,  Ll _ 

Weight — 139.370  — lbs.  Mfg.  at  AiikMM  0i4wim  Work*.  Syiaceugj,  A ’at  acne. 

Centred  No.  W.0RD-O7  Date  1-22-4-1  Spedfcptien  No  5 1.9.. 3a  Ruviaion _ _ 


NITROCELLULOSE 

Mmvte  on  — i§§4julS63jL  iSTfo  JL3IU-1&7.U /ill 
_  *  pod  pulp  N  itr  QC  o  llu  lo  go _ _ 


Mitogen  Conteat  K.  I.  Vt+eh  To*t  (6S.0*  C.^  S.abil.ty  Tort  (53**  C.J 

Masimum - ii.ll - Mumm - { - 3SL* -  Mat, mom _ JO* _ 

Mmimurn - 11*11 - M'.fwnum - - 16  * _  Mir  iimioi _ _ 3  C.'_  . . . 

Avenge - iiol^ -  Average. - L - ifl! _ Average _ 39.' _ 


MANUFACTURE  OF  POWDER 


Total  Might  of  advent  per  peund  ingredient* _ _ 

pounds  ether  per  100  peunda  advent.  Percentage  o*  remi*  to  whole. 


-0592- 


.  Consisting  at  32  pounds  alcohol  amt _ 62... 


T£MP*_*C 

• 

TIMCS 

Pm »  !  r« 

I  NfOtut-toutiiT  nccovf ev  amo  mvino 

• 

Dtyl  *  Hnti 

.IQ  ' _ 65.. 

_!  Sofrawt  Recovery  (Start  at___30?.C - 1  3°°^-  +  n  ^Jori 

_  4  -  5 _ hooni5.^r«.  “  57-htvn)  _ 

:  :  $2 

_ 65  -  ‘r  — jfitS- 

.1  Water  dried _ _ ...  f  constant  ... 

:  120 

v-55_  _: — 55_ 

— •  Air  dr»ed - .[‘rmfrutvre . . . . .  ... 

_ _ • _ L  ...  25.. 

Terre  op  finismso  powota 

COMPOSITION  \ 

•TAl’UTV  AND  PHWCAC  TtSTS 

ejeOQj.85ela_.w- 


Impf. 


ONT  ami  OEP - .'—lieQCL:  J-3*8i. 

(0MT_-_iqt _ _ _ > _ 

(D3P_-__jft - - - 


13  i*  C.  heat  t»*t  S.  P _ 

Evptorion  .'hrs.)_ 
Form  of  grain _ _ _ 


&>rho»jrlamin* - 

Volatile  Solemts _ 

Moisture - *. 

Aw _ 


i  lTOfl  ; 

J _ l 


I.O7... 

IwlO- 

w6l 


No.  ol  perforation* _ 

No.  of  grains  per  pound. 


_J _ 6  5L_L- 

- 5*-j_. 

_  j, — Cyla.  j.  .. 


Cuming  surface  per  5b.  (a.  in  ). 

-4- - [  Specific  gr«*:ty_ _ 

-• - Hy^rcscoftcity _ 


OKijmskm  tret _ 


-J_  .44.1. 


GRAIN  DIMENSIONS 

!  04  C 

,  (INCHES) 

\  (INCHES) 

»  i 

l  jengthf.  ) 

:  .78^ 

!  .76*4  • 

Diameter  (Cj _  _  _ 

.  :  ,445 'v 

.  i.j*3150 

Diemetar  of  peeft  rations  (u) _ 

.J_e^44  3.. 

_ i  .0315  : 

f  Inner 

...  :.^.3B15 

:  .053&  : 

WeM  Outer. 

.  !..«C75C. 

.0564  : 

i 

< 

_ L.O.C783. 

.. ....  ^0551.  .. . i _ 

MEAN  VARIATION  »M  VCf»  CCP.‘ 
Or  MIC  AN  DIMENSION 


.  f.  _ * _ r*r  |  -1 


_♦  4o7_ 


Difference  between  in.-.er  and  outer  web 
in  per  cent  of  w«b  average _ 

L:D(Y> - - - 

Od  (X) _  .  _  _ _ j.  . .  j _  _ _  . . . 

Date  packed - 1Ct1-44_.  ...  Date  offered. _ 10nl^«44 _  Date  aamploi _ 

Date  tret  finished _ _ i2*!tl0*44 _ Date  w*T'  option  jhcotr  forma  rtf  rd _ 


10-2-44. 


Remarf»_Pjtck«L.livxaconditionod.cutal-JJt»sry_bo«as--  lUr*_X-lX^- T  hio  lot  ucx^te  chooic^i 

— and  .phyaicnl  sccaptmc a  reylrnnrnf-, 


r*.  f.  ansi/ 

d*e 


/> 

A^*  w 


H.  I!.  DUNHAM 


4-W 

I£  KAI3TRE,  Capt.,  Qrd.  Poet. 

Army  In— ctor  tf  ONmma  U.S*  C KAHN*. 
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SMOKELESS  POWDER  DESCRIPTION  SHEET 


_jgj ILL,  for  jm  m.gan»  .ia — 

packed  U3jA3fl  in*  Mfg.  at  Alabama  Ordnance  Work*.  Sylaenucs.  Alsbama. 

Mnct  No.  W-ORD-326.  Data*  6-1041  Specification  No — SDt12.-J3 - 


Acc*ptad  Wanda  (No*.) _ 

_ jQpjpuIp  Nit 

Nitre  pan  Content 


NITROCELLULOSE 


K.  I.  Starch  Taat  (65.5*  C.) 


Stability  Tett  (135*  C.) 


Minimum—— 
Averagn .  .... _ 


MANUFACTURE  OF  POWDER 

Total  weight  of  eelvent  par  pound  ingredient* - 0.626 - Conaisting  of — $$—pcun1t  alcohol 

pound*  other  per  100  pound*  aolrent  Pareantaga  of  ramia  to  whole - 5.*2 - 


Tta*ps.*c. 


PROCESS— SOLVENT  RECOVE  *V  AMO  ORVIKQ 


Cc:*»  1  Hrft 


-3Q-— «  . ;  Solvent  Recovery  (Suit  >1 ..  40^*»t  -}06u»  -tfl-Dy 

_ | _ ;  S _ hour*.  6gPC.-  .m$1  -hour*) - 

6_*»  !  _ |  Water  dried _ _ f  constant - 

„$£ _ l $5- — I  Air  dried - [temperature, - 

~  TESTS  OP  FINISHED  POWDER 


— ace. 


COM  POSITION 


NitiacoUuleaa - 

DNT  and  DBP _ 

(DNT«_10£-) - 


Diphenytamino _ 

Volatile  Solvent*. 
Moietwro _ 


;  ^00.4—85*35 
■l_34>ao..  L-13.*U 


..OaJ25. 


STA8CLITY  AND  PHYSICAL  TESTS 


1 

fctfr.  . 


135*  C  heat  teat  S.  P - 1 - 

Explosion  (hr*.) - !. - it — 

Form  of  grain . . — - 1 — Cxi* — 

Mo.  of  perforation* - L - 1- - 

Mo.  or  craina  per  pound - ; — — - - 

Burning  surface  per  lb.  («TJ  in.) — ' - 

Specific  gravity. _ • - - 

Hygroacepicity _ J — . — ' 

Compression  te*t_  — — _ —  ! - i? - [ - 


ijlJSiSSh  Ohlof  CiYm,IU&Sict°r 


R.  F.  BGLT2/ 

owg 


J.  P.  HOLIS 
Toch.  Supt. 


SMOKELESS  POWDER  DESCRIPTION  SHEET 

U.S.  Army  U!  M.  T%746 _ *f._.19k2  .  TO,  Ml  for  153  W.Gun^ifl _ 

Packed  WeigM__152 *j6SQ - Iba.  Mff.  (t  Alabama  Ordnance  Work*.  Sytacaugs.  Alabama. 

Contract  No.  W-ORD-526,  Da  tod  6-30-41  5  pacification  Ns — 50rJ2a38—  ■  Ad 


NITROCELLULOSE 


Accepted  blonds  (Not.)  . 


*B®%urn©d_  Increment  potrdegJTram  Coosa  Ri.Ter.  Oi 
Jun<*«A§*bn  Content  *  *  ”  "  '  K  j.  Starch  Tart 


Maximum _ 

Minimum^ 
Average _ 


13.16 

„_13xli. 


Maximur 
Minimun 
Avars  oe- 


(63.5*  C.) 

JS£! _ 

-32.* _ 


Stability  Tost  (135*  C.) 
_  Art* 


manufacture  of  powder 


Total  weight  of  solvent  par  pound  li 


pounds  other  per  100  pound*  solvent.  Percentage  of  remix  to  whole - .4.2 — 


Consisting  of  33  pounds  alcohol  i 


rears  os  finished  powocp 


COMPOSITION 


sraaiumr  ano  PMrsiCAi.  tests 


R.  P.  BOLTZ/ 


Ja  P.  BOLUS  •"* 


TORA,  Chief  ClTilian  Inspector 


Tech.  Supt. 
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' <w*>  »»*— mw  •««  ••  P  '  ’  jTj !  THT  FH 

s  v  -  t.-.  ' 'JLLJU'j,  lOV/u&i  DeotKiPVia 

*lnm  ,  NH  111  for  15S  ^  Gun  Z1 

v.  a.  ww  lot  >-~x  J. »  %4,3,/if— AAk5  uni.  uorr  "■  3-  ,-c  *  msoc.  <»  . 

Packed  weight  150.150  Iba.  Manufactured  by  Hercalen  r'ov.dor  Ccnnar.v  , 


Sunflower  Ordnance  V.orka.  Lav/rence,  Kansaa.  Arr.ond  y5 


04 53Y ,  B-104 59Y ,  B10460Y.  3104 61Y 


WTKOCX.I  COKTINT 

1344 
-  13.11 

.  I5T12 


K.  I.  CTATCrl  T5JTT  (9SS9  &} 

CI  MUM _ 45* 

ikuh _ 4.5*  _ 

r»c  r _ 45* 


ft.AU! 


CtAilMT  .'  resv  (lie.*  c.) 

_ mi _ 


°OV  ^q^AM'JFACTURE  CP  POWDER 

TOTAL,  '.ItlCHT  OP  (OLVtN-r  PCJl  POUMO  fVXrS  0 . 60 _  C9MS53TIN3  or, - 36,0 _ „Q  Jx03  1CL  AM3 


i  mim  ns  i oo  rovrai  kcvent.  rneorrAOs  or  remix  to  vjmou. 


nurs.  *c. 


PROCESS— COt-VENT  RECOVERY  AND  o*y:ng 


Solvent  Ha co very  (Loadim 
Solvent  Recovery 


Air  Dr 


TESTS  CF  FIKtSMEO  POWDER 


COMPOSITION 


OTA  El  LIT  Y  AND  PHYSICAL  TEOT3 


00  K>*M  ... 

HAC'.W 


UJJ.  Ax  dot  Let  So 


ORDNANCE  COMS 

PROPaLANT  DESCRIPTION  SHEET 


SwptrMdti  00  form  *204 
d«tod  I  Jwi.  49  «4*ch 
it  ofotoU**. 


\o  m6 


Uamuacturad  »t- Liberty  Pcvder 
Contract  No  DA-11 -173" 


- - Sp<.mc»t;on  Hojl&S&rS r309  Kevitioa  of 


NITROCELLULOSE 

Accepted  blend*  iMm  ifPulP^  B-102^5»  jjjL  -51  thru  -6^  _ .  — 


KHiBWil 


tuUuKcn  Ctmteut  A.  1.  Sutreh  Teat  itiM'  C.)  Stability  Test  (lob*  C.) 

Murnuau.  12  -—9 - c-  slssimaa  -  .  aline.  Maximum. _ _ _ _ _ Mins. 

MaiiBim  1^.12 _ *  -  Minimum.  — —  - _ Mina.  Minimum _ Mins. 

Average - 25l£  -  Mine  Average _ 30- - Mina. 

Explosion _ _ _ _ Mine. 


nsAivVJi  ALit Kal  0>  TH.OTC.LlLA>  ! 

total  weight  of  solvent  per  pounu  Ml — — -5 — lb..  .  Consuming  «>  ^ _ pounds  aieohol  and - iA—  — 

♦ 

pounds  ether  per  ltd  pound  solvent,  xtituiuii.1:  of  remix  to  vbi** 


TgMTa,  *c. 


To 


TKOCaOM— < SOLVENT  XSCOVKXX  AND  lmrj.0 


|  Titian 

I  Per*  j  Door 


macaroni  press 


r^TS  !>►*  riaMSHED  rUUi'KLLANT 


Conatllkcut 


composition 


i  Form«l«  ■  USt. 


kT4Uil.ni  AND  1'UVKaCAL  TlSI-i 


HtXQSeJ 


I!Km 


ORA1N  DIMENSIONS 


Lsaitlh  (L) - 

Dismetar  (D) . . . . . - 

Diameter  of  perforations  (d ) 


!  Tl.etKlICK  O.iAIN 

DID  (INCllKai 

(IXCUUS)  I - ; - - - 

I  V**ufac»ur*r  |  K«i*ccl 


AUmA.N  ViUlAllO.N  IN  VKK  CL>X 
j  OF  Mi-eAN 

|  Mnaafaetarcr  I  lo»n**io» 


Dote  pack  Lit 


Data  teat  finished 


Type  of  Packing  Boa _ OtlT 


Date  c  if  ere 


V-P-^s. 


Date  sampled 


Data  description  sheets  forwarded. 


a  ConUixurs  -  Mk-YH  and  tu 


MJSZMLArsHs&a 
ta  physiol  and  cho 

:hTtJcal  Director!  afo/unee*. 


cobsen 


1-P-SS 


MiT  l  9  r*V! 


hnson 


78 


79 


CC  ..." 
14  A*»* . .  : 


r  '"'.Cjfir.j  j  Si  >>:*»**  ('  ■  s  ■  •• 

!  .  v.s;/  |  r.£«,L, J""  " '  ’’ 

-  4  I  _ 

1.  Z^  I’.V. ..v-Vr pv-‘*  ~1  1-1U111.1...1 11  o' X-'U?A1' .  H .3?$j?©jN> '.  T" . 

l&Mj  at:  JcdiA«c.  Aja&awl, .  _ w.t*..:l4S3>$k.lV«i 

,'tc.  *v  „ _ _ _ _ _ _ . _ 

^  .  0KD~i5»>  ;• 


i.*iii«('>.<.li  V-'O  • ». 


*  ).  to* ft*  -.Sit  u.J 


•{••fcWMV  Ar»K,.  |A.?.> 

5  .(Otlixi  i}ia> — ____. - - : --•.-»  ,,-  ■  ^  j  _ -^.  _ .- . — {  ai,«.  in.it.i^ -  --  -T  -  ,  -  .  f'i..'X. 

!  ^  I.*  s  » t  ioi 


—  j  «»*•?*«£* —  . — 


— — - - - — VU  »•*  W.  |  X.  *#v !.»,.;*  ... - - 

_  l  _ _ _ _ __  _ _ _ _  }  y-X'HSt'.UU^. - . - 


4—  -->'*1**-'^ 


A«*W«4i  ^iljpysi  Ox  .M-I«  t:i.4>  ;*«*•  fCiClv*  i.'< ■/. -. 


.•  «  *9T  Vf>»  »  •  v.'.Vi “Ji  » ' t( •  i 


|A>VQ^  KUivU'  V><:’  1«>U  |*vJ(JU  ^//Vut^t  »»x  l«»u<  S  Ml  w^..- ,  ,  ■  -,  *  ,  - 

^  _  _ _ _  ^  —  j  ^,w* 

..  .?]3ia.IPlLj»^3i^^.Ci  ,ftJ^^ljS>Cjas»i^.Xo.Tit.jipw5or_.  : _ 


*t.. 

. 

j 

j 

_  _  i _ j 

1  * 

\rha .  lot._n»r>l>Q5reju6od _i&jfcho_  . 


\f2tr  ■  ru*i:* 

?  !?..»•  J  y%*r.  1  Jh  *  *. 


I  ■  i  !'■  <r»  nt  ' 

.......  ^ . .  -  _ . 


J.}  A  •.  J.  ."•  •  »  ’•ulf'I'.vt.  / 

_  _  __  _  _ i  >*<»•_  :  ‘^  vr.  ; 

. j.n/»>*  f)  ilCiu  vv«  i -  .  — .  —  —  - — . — 45. siii* . .... 

<v\'>‘xmji.4u - —  _5.y  Jars, _ _ 


...  .  _-  ,  ••-“-•■*•—■ 


No.  r*  pertawuai^ _ _ _ 

Ao.  at'  £r*a«  .^..  jHjuiat _ _ _ _ _ 


4.VyJ.i.£vi!.Q  -Siylb;'A'!- i'i'T.'." _ j _ _  ..L.O.TTi . . _l>  J.in.vo*  jtlujVvCe  Kf  pvana  i.*m.  maw.-*/ 


— -j.Cfliadcicai  : 

i_^30 — 


V/>Vr'l  «ti:/  ColViXitS _ 4 _ L  .L.i3.|^  ....  J  Ox-tv.  <wwv?.  t»  nt».‘t»»  <xt  «« 

iiaiitiit *. .Xlal  vllVcif  i'..'  J _ 1..0.55L. _ - i — 

.  .  ■  : 


L  Aw- - 1 _ ♦ _ 


Ah1.: _ __ 


.  _ _ _ _ _  _ _ _  ,  _ _  t  _ _ _ _  *.  ,  ^  CAHiitfr^^lO*^  Wal.  .  .. -  *  -.— -  ■■;■ _ 


(i'Ui  < 


»*  - 


Vk.MSI'K^  ilUAW 

a>V>ULS» 


>'  VA.i^AViv.'  A’  -  w-  , 

V»**  M^JC«  A»1M>  * 


.“Jldl-mll. 


L».);kh  I _ _ _ 

Oiwmstet  (D) _ _ _ j— - -  .  - 1  .  . — j. — — - ^ — — —  - 

C.'jjilF i*Ikv  t\»'  - - -  LQ^02J2.._lSc^t:si_J^  j 


I 


.  ',  ».«»r. - ' - 


'  -  9  S  . 

;  A-  ’s  .-  Hpv: - i 

'  ~:.{.-l  t-l..i  ,  .  ...  - 

\(  *  4 ;  v.  .;i  n  ••!  vr  rni  mttn  tree 

,  *  •.  ■  ‘  :  «Y«'.ira*» — _ 


(X/.. 


Q.318/>_ 


^u;auia«t**vc 


1-J.71 
1_ 1.9- 


i  O.C£?6_-__  J)?A_fi3a'toni_as.^t»oUJJctl  J.n 

.  „CLQ573__  04C-0?J£X^lHejeA^a  J*S.Ku?,  i255,  ; 

_ -  C.^Q5xI___j5utAi  E  JEcqttJxsaoats.  Cor  j 

_ writ _  ; 

oolsturs  at!&  toted  TolktULlo  ro^uf.rc 
-  — OJL-  _  AeP,ttL  olLJAJirPsSQS-  ror  ’ 

.?.t3S _ iJsToc^atioa .  iwpowo .  „ 


.Vie  AicfcwdAtt{>Vr(^31*_-i.95s!_UiU  oif »1  f  i. 1954-DaU  Mmptal-tr— ii-AyfL-ii'i? — - 

'.;lj  test  jIb W,i t.i.^JBJS4_2AjL_\956 _ IH.X  dactltiawB  liuN  fprmmSaA. _ k&JhV JL-1  §St& _ _ _ 

•;r.o  of  r*(Ah.«  ho-%.  5f>..J^>rl=102L _  : 

;^iiu^-_iooal..*xsM»^«txC^'^io-.io'i._la.*^«  XK  MiiSJMriaXag. F^j*flC&_a£ XSjw&X1?*  Sm 


!7-r’jv[.rz¥  ,  x*-T"Ta»v«'Wt  oi  oi(U>«M».  ■'*  pvitiKmva’  I  975 

^P.O.  n:  si’^KS^pgge^j, 


cwy 


rolalgptfjjDg 


80 


U-B-p  >9744 

155  BR  Guuj 

i'A  Ch?.  ',2.9 

IL'Ui&ul 

taagSSjJfkJ&t. 

19595 

55 

.32 

4SA95 

ALA  33302 

50 

.66 

30,356 

ALA  33304 

50 

.82 

102,172 

ALA  33307 

45 

,93 

39,532 

ALA  33311 

40 

.96 

5,507 

ALA  33314 

50 

.32 

33.044 

ALA  33335 

40 

•34. 

141,329 

ApprbJriaSite  wight  -bo^'o^a  rcblencLing 

450,935 

co  roxr. 

16  Aar.  & 


I  i  >  nTTCSl 


o:x':ia\o.  cox’s 

COOLANT  DKCMMiOH  SKSE 


■ilot _ X?5p.  Corcvcjltica  No.— 


Manafaetercd  «st: _ Bell 

Cob tr'r'j  N»_I irlidLZ? 


UKD— 37 

Accepted  Mantis  (IJos.)  _ 


hgjj  t  a_ 

Dr.ta— jd£g=49_  ■■ ,  ■  SprfflcsUoa  _ 

HirabsELLULCBS 


Eopetti MS  C J  rr.  7.1  i  : 
dated  I  Jut.  tf)  Vf*1 
It  'thtn'c!*. 


Ptcri 


Ffe&ad  Vdp.Mik5Jl;Oaa  | 


SovfaSon  of- 


Kitressn  Content 


E.  L  Sttrsh  'feet  «5&5“  C.) 
Mayterea _ K 


Stability  ‘feet  (J85  C.) 


MANUFACTURE  OF  PROPELLANT 

Total  weight  of  turivcnt  per  pond  WO .  _ Consisting  eg  panda  alechcl  cad 

redo  et?*gr  per  100  poand  sohronfc  Fereentgro  of  rcsix.  to  xfhol 


PB0CES3 — SOLVENT  EECCVEKV  ASD  DBVTOG 


of  this  lot  meet  the  crrB.il  ah  Is  DPA 


h  1958.  and  this  lot  meets  tho 


ttf\a«w-gr.VigT^i 

(m 


and  mo.  ture 

re^u 

Iresmnts  of  J AH -P-509. 

t 

1 

r  inforrrvtiannl  purp 

osos. 

1 

flrrlltnm 


tests  c«  aimsvzt;  mcr-BUAHT 


Ttamda  I  ttfr.  |  KTJOC 
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